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Electrons and photons will be produced in many physics channels of prime in-
terest at the Large Hadron Collider (LHC). Several channels from new physics,
for instance, some decay modes of the Higgs boson into electrons and photons
have small cross-sections and suffer from large backgrounds. Therefore power-
ful and efficient electron and photon reconstruction and identification methods
covering a broad energy range are needed at the LHC. This paper describes the
overall ATLAS detector performance for the reconstruction and identification
of photons and electrons over a wide range of transverse energies, from a few
GeV to 5 TeV. The baseline oﬄine performance for efficiencies for electrons
and photons from various sources and of rejections against jets is described.
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1. Introduction
In the Large Hadron Collider (LHC) at the nominal center-of-mass energy
of 14 TeV, electrons and photons will be produced in a wide variety of
known physics processes and in potentially new physics processes with a
wide energy range from a few GeV up to a few TeV. In the LHC due to the
huge QCD background, a jet rejection factor exceeding 105 will be needed
in the energy range 20-50 GeV to extract a relatively pure inclusive electron
signal above the QCD jets faking electrons. Similarly, the cross section of
the Standard Model Higgs decaying into the two photon final state is small
and a jet rejection factor of about 5000 should be reached to reduce the
contamination of jets faking photons. Hence it is very important to have
both discriminating and efficient reconstruction and identification methods
for electrons and photons.
The procedure to measure the energy of an incident electron or photon
in the ATLAS1,2 electromagnetic (EM) calorimeter has been described in
October 26, 2009 16:0 WSPC - Proceedings Trim Size: 9in x 6in egammaInAtlas˙v3
2
Ref.3 Each step of the energy reconstruction has been validated by a series
of beam tests over many years, both using only the calorimeter4,5 and also
combined with representative components from all detectors sub-systems.
This has allowed considerable refinement of the calorimeter simulation and
reconstruction. This simulation is then used to model the behaviour of the
full detector.
Detectors used for the reconstruction and identification of electrons and
photons are described briefly in the next section, followed by a description
of the algorithms used in ATLAS and the performance expected with the
first data. Finally some conclusions are drawn.
2. Tracking and Calorimetry
The reconstruction and identification of electrons and photons in ATLAS
relies on the EM calorimeter and the tracking system. The tracking system
is composed of three subdetectors; the inner most part close to the beam
pipe is the Pixel detector, which is surrounded by Semi-Conductor Tracker
(SCT), and the outer most part is the Transition Radiation Tracker (TRT).
The Pixel detector and SCT are high granularity silicon detectors which
provide a precise reconstruction of charged particle tracks and primary
vertex. The TRT is a large-scale gaseous straw tube detector which provides
continuous tracking as well as efficient electron-pion separation capability.
The tracking system is enclosed inside a 2T solenoidal magnetic field and
provides precision tracking in a large region in pseudo-rapidity, up to |η| <
2.5.
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Fig. 1. (a). Resolution versus particle energy for η = 0.3. (b). Linearity for various
photon energies as a function of η.
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The EM calorimeter is a sampling calorimeter with accordion geometry
using argon as active material and lead as absorber, covering the pseudora-
pidity region |η| < 3.2. In the central region |η| < 2.5, the EM calorimeter is
segmented in depth in three layers outward from the beam axis. The three
layers are called ”Strips”, ”Middle” and ”Back” each segmented in ∆η×∆φ.
As an example the granularity in the barrel is 0.003×0.1, 0.025×0.025, and
0.05× 0.025 respectively. To correct for energy lost in the upstream mate-
rial the EM calorimeter is preceded by a thin presampler located inside the
calorimeter cryostat with pseudorapidity coverage up to |η| < 1.8. The total
thickness of the calorimeter is about 22 radiation lengths (X0) at normal
incidence and increasing to 30 X0 at |η| = 0.8. The ”Middle” layer contains
most of the electromagnetic shower energy and the ”Strip” layer provides
precision measurement of the η position of the incident particle with its fine
granularity in η and an efficient photon-pi0 separation capability.
3. Electron and photon reconstruction
The reconstruction of electrons and photons in the ATLAS detector starts
with the energy measured in the EM calorimeter cells. A fixed size 5 ×
5 (number of cells in the ”Middle” layer in η × φ) rectangular cluster is
formed and positioned so as to maximize the amount of energy within the
cluster window. The reconstruction then tries to find a matching track
within the ∆η ×∆φ window of 0.05 × 0.10 with momentum p compatible
with cluster energy E, requiring E/p < 10. When such a track is found,
the reconstruction checks for presence of an associated conversion vertex.
An electron candidate is produced if no conversion is flagged, otherwise a
photon candidate is formed. Depending on the particle type and calorimeter
region, the cluster is then rebuilt with the appropriate size which is slightly
different for electrons (3×7) and photons (3×5) in the barrel and is the same
(5×5) for both electrons and photons in the end-cap. Converted photons are
treated like electrons. This early classification allows to apply appropriate
different corrections to electron and photon candidates. It should be noted
that electrons need a larger window size than photons due to their larger
interaction probability in the upstream material and also due to bending
in the magnetic field, radiating soft photons in φ. The η and φ positions of
the cluster are calculated as the energy-weighted barrycenter of the cluster
and the measured energy and the position of the cluster are corrected for
effects from calorimeter segmentation. The total energy of the cluster is
calculated from the sum of energies reconstructed in the individual layers
and presampler and is corrected for the upstream energy loss and for lateral
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and longitudinal leakage. The fractional energy resolution as a function
of the particle energy for electrons and photons at η = 0.3 is shown in
Fig. 1(a). For electrons, the sampling term of resolution is ∼ 8.7%/√E
at low η but degrades to ∼ 21%/√E at η = 1.55 where dead material is
maximal (∼ 11 X0, up from ∼ 2.5 X0 at low η). For photons, the effect due
to dead material is much smaller and the sampling term remains better
than 12%/
√
E. Figure 1(b) shows linearity as a function of η. The linearity
remains within 0.5% over the full η range and in the energy interval 25-500
GeV.
4. Electron and photon identification
Electromagnetic cluster candidates after reconstruction are completely
dominated by jet faking electrons and photons. Therefore a set of vari-
ables reflecting the shower shape in the calorimeter, the track quality, tight
constraints on track matching and identification techniques using the TRT
capability are used to separate electrons and photons from jets. In ATLAS
both cut-based and multivariate techniques2 are used to identify isolated
electrons and photons and to reject background from jets. In this paper the
cut-based method will be discussed which will be the baseline for first data.
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Fig. 2. (a). Normalized distribution of Rη (ratio of energy in 3 × 7 to 7 × 7 cluster in
the middle layer) for |η| < 0.7 for true (H −→ γγ) and fake (QCD jets) photons with
20 < ET < 30 GeV. (b). Electron identification efficiency as a function of η for electrons
with ET > 5 GeV from H −→ 4e decays.
Electrons and jets showers are expected to exhibit significant differ-
ences which can be exploited using the fine segmentation and granularity
of the calorimeters; e.g. jets are seen broader objects and have more leak-
age to hadronic calorimeter than electrons and photons. Figure 2(a) shows
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the shower shape variable in the ”Middle” layer for the reconstructed elec-
tromagnetic objects from H −→ γγ decay and QCD jet background before
applying any cuts. The vertical dashed line indicates the cut value. For elec-
trons, three increasingly demanding sets of cuts called loose, medium and
tight are defined. The loose set of cuts use the hadronic leakage and shower
shape variables in the ”Middle” layer of the electromagnetic calorimeter
and provides an identification efficiency of ∼88% for electrons but low back-
ground rejection of ∼ 600. The medium cuts use the ”Strip” layer and apply
cuts on track quality. The medium selection provides a good jet rejection
of ∼ 2200 at the cost of reduced identification efficiency of ∼ 77%. The
tight selection makes use of all the available particle identification variables
for electrons, namely cuts on the number of hits in the vertexing-layer and
exploit the TRT identification capabilities. The tight selection provides an
electron identification efficiency of ∼ 64% with jet rejection of ∼ 105. Fig-
ure 2(b) shows the expected reconstruction and identification efficiency as
a function of η for the three sets of cuts. For photons only one set of cuts is
defined since the background from jets will be significant even if all avail-
able cuts are applied. The overall efficiency is ∼ 80% for a jet rejection of
∼ 8000.
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Fig. 3. (a). Differential cross-section as a function of ET after tight cuts, for an inte-
grated luminosity of 100 pb−1 and for simulated di-jet sample with ET > 17 GeV. (b).
Efficiency of the medium electron identification cuts relative to the preselection cuts as
a function of ET for Z −→ ee decays, using the tag-and-probe method and the Monte
Carlo truth information.
The expected differential cross-sections after tight cuts shown in
Fig. 3(a) are broken down into isolated electrons from W , Z and top-quark
decays, non-isolated electrons from b and c decays, and residual jet back-
ground. The shapes of the spectra from non-isolated electrons and residual
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jet background are very similar, whereas the spectrum from isolated elec-
trons exhibits the expected behavior for a sample dominated by electrons
from W and Z boson decays. For an integrated luminosity of 100 pb−1 we
may expect about 5 · 105 electrons with ET > 20 GeV with dominant con-
tributions fromW and Z decays for ET > 35 GeV. For the same luminosity
one may expect ∼ 107 electrons from b, c decays with ET > 10 GeV in the
minimum-bias sample.2
The measurement of electron reconstruction and identification efficiency
in a data driven way is very important for tuning the Monte Carlo parame-
ters to get the best possible simulation of the detector. The reconstruction
and identification efficiencies can be measured directly from Z −→ ee events
using the so-called ”tag-and-probe” method. The idea is to select electron
candidate pairs close to the Z boson mass, with one electron (the tag)
passing tight cuts in order to have high signal-to-background ratio in the
sample. The efficiency of different set of cuts can be measured on the second
electron (the probe). Figure 3(b) shows the comparison between identifica-
tion efficiencies for medium identification cuts obtained from Monte Carlo
truth and the one measured by using the tag-and-probe method. For an in-
tegrated luminosity of 100 pb−1 the statistical error on the tag-and-probe
method is better than percent for pT > 25 GeV, whereas the systematic
uncertainty is of the order of 1-2%.
5. Conclusion
The algorithms developed by ATLAS collaboration for the reconstruction
and identification of photons and electrons are described. It has been shown
that the algorithm provide high efficiency and high rejection against the
QCD jets. A data driven method for the measurement of electron efficiency
using tag-and-probe method is discussed which will be very useful in the
early data taking to tune the Monte Carlo.
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